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1
DISPLAY DEVICE AND DRIVING METHOD
THEREOF

This application claims priority to Korean Patent Appli-
cation No. 10-2022-0073691, filed on Jun. 16, 2022, and all
the benefits accruing therefrom under 35 U.S.C. § 119, the
content of which in its entirety is herein incorporated by
reference.

BACKGROUND
1. Field

Embodiments of the disclosure described herein relate to
a display device.

2. Description of the Related Art

Electronic devices, which provide images to users, such
as a smart phone, a digital camera, a notebook computer, a
navigation system, a monitor, and a smart television include
a display device for displaying the images. The display
device generates an image and provides the users with the
generated image through a display screen.

The display device typically includes a plurality of pixels
and driving circuits (e.g., a scan driving circuit, a data
driving circuit, and an emission driving circuit) for control-
ling the plurality of pixels. Each of the plurality of pixels
may include a display element and a pixel circuit for
controlling the display element. The driving circuit of a pixel
may include a plurality of transistors operatively connected
to one another.

Recently, a display device capable of operating at various
operating frequencies is developed to improve image qual-
ity.

SUMMARY

Embodiments of the disclosure provide a display device
capable of operating at various operating frequencies and a
driving method thereof.

According to an embodiment, a display device includes a
display panel including a pixel which receives a luminance
control voltage, a driving controller which receives an input
image signal and a control signal and provides an output
image signal to the display panel, and a voltage generator
which generates the luminance control voltage in response
to a voltage control signal from the driving controller. In
such an embodiment, the driving controller determines a
current operating frequency based on the control signal, and
outputs the voltage control signal based on a difference value
between the current operating frequency and a previous
operating frequency and an operating time of the previous
operating frequency when the current operating frequency is
different from the previous operating frequency, where the
luminance control voltage is changed from a first voltage
level to a second voltage level based on the voltage control
signal.

In an embodiment, the driving controller may include a
luminance compensator which outputs a voltage compensa-
tion signal based on the difference value between the current
operating frequency and the previous operating frequency
and the operating time of the previous operating frequency
when the current operating frequency is different from the
previous operating frequency, and a control signal generator
which receives the voltage compensation signal from the

10

15

20

25

30

35

40

45

50

55

60

65

2

luminance compensator and outputs the voltage control
signal in response to the control signal and the voltage
compensation signal.

In an embodiment, the luminance compensator may
include a frequency determiner which determines the current
operating frequency based on the control signal and outputs
the current operating frequency, the previous operating
frequency, and the operating time when the current operating
frequency is different from the previous operating fre-
quency, a luminance deviation determiner which calculates
a luminance deviation based on the current operating fre-
quency, the previous operating frequency, and the operating
time and outputs the luminance deviation when the lumi-
nance deviation is greater than a reference value, and a
compensator which receives the luminance deviation from
the luminance deviation determiner, calculates a first com-
pensation value corresponding to the luminance deviation
and outputs the voltage compensation signal corresponding
to the first compensation value.

In an embodiment, when the current operating frequency
is lower than the previous operating frequency, the fre-
quency determiner may output the current operating fre-
quency, the previous operating frequency, and the operating
time.

In an embodiment, the luminance deviation may be cal-
culated by an arithmetic operation of the difference value
between the current operating frequency and the previous
operating frequency and the operating time.

In an embodiment, the frequency determiner may accu-
mulate a time during which the current operating frequency
is identical to the previous operating frequency, and may
output the accumulated time as the operating time when the
current operating frequency is different from the previous
operating frequency.

In an embodiment, when the current operating frequency
is lower than the previous operating frequency, the second
voltage level of the luminance control voltage may be lower
than the first voltage level.

In an embodiment, the display device may further include
a data driver which provides the pixel with a data signal
corresponding to the output image signal. The pixel may
include a light emitting element including an anode and a
pixel circuit electrically connected to the anode of the light
emitting element. The pixel circuit may deliver one of a
driving current corresponding to the data signal and the
luminance control voltage to the anode of the light emitting
element.

In an embodiment, the pixel circuit may include a first
transistor including a first electrode connected to a first
driving voltage line and a second electrode and a second
transistor which electrically connects the second electrode of
the first transistor to the anode of the light emitting element
in response to an emission signal.

In an embodiment, the display device may further include
an emission driving circuit which outputs the emission
signal in response to an emission control signal from the
driving controller. In such an embodiment, when the current
operating frequency is different from the previous operating
frequency, the driving controller may output the emission
control signal based on the difference value between the
current operating frequency and the previous operating
frequency and the operating time, where an emission period
of the emission signal may be changed from a first time to
a second time based on the emission control signal.

In an embodiment, when the current operating frequency
is lower than the previous operating frequency, the second
time may be shorter than the first time.
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According to an embodiment, a display device includes a
display panel including a pixel which operates in response to
an emission signal, a driving controller which receives an
input image signal and a control signal and provides an
output image signal to the display panel, and an emission
driving circuit which outputs the emission signal in response
to an emission control signal from the driving controller. In
such an embodiment, the driving controller determines a
current operating frequency based on the control signal, and
outputs the emission control signal based on a difference
value between the current operating frequency and a previ-
ous operating frequency and an operating time of the pre-
vious operating frequency when the current operating fre-
quency is different from the previous operating frequency,
where an emission period of the emission signal is changed
from a first time to a second time based on the emission
control signal.

In an embodiment, the driving controller may include a
luminance compensator which outputs an emission compen-
sation signal based on the difference value between the
current operating frequency and the previous operating
frequency and the operating time of the previous operating
frequency when the current operating frequency is different
from the previous operating frequency, and a control signal
generator which receives the emission compensation signal
from the luminance compensator and outputs the emission
control signal in response to the control signal and the
emission compensation signal.

In an embodiment, the luminance compensator may
include a frequency determiner which determines the current
operating frequency based on the control signal and outputs
the current operating frequency, the previous operating
frequency, and the operating time when the current operating
frequency is different from the previous operating fre-
quency, a luminance deviation determiner which calculates
a luminance deviation based on the current operating fre-
quency, the previous operating frequency, and the operating
time and outputs the luminance deviation when the lumi-
nance deviation is greater than a reference value, and a
compensator which receives the luminance deviation from
the luminance deviation determiner, calculates a first com-
pensation value corresponding to the luminance deviation
and outputs the emission compensation signal correspond-
ing to the first compensation value.

In an embodiment, when the current operating frequency
is lower than the previous operating frequency, the fre-
quency determiner may output the current operating fre-
quency, the previous operating frequency, and the operating
time.

In an embodiment, the frequency determiner may accu-
mulate a time during which the current operating frequency
is identical to the previous operating frequency, and may
output the accumulated time as the operating time when the
current operating frequency is different from the previous
operating frequency.

In an embodiment, when the current operating frequency
is lower than the previous operating frequency, the second
time of the emission period is shorter than the first time.

In an embodiment, the display device may further include
a data driver which provides the pixel with a data signal
corresponding to the output image signal. In such an
embodiment, the pixel may include a light emitting element
including an anode, a first transistor including a first elec-
trode connected to a first driving voltage line and a second
electrode, and a second transistor which electrically con-
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4

nects the second electrode of the first transistor to the anode
of the light emitting element during the emission period of
the emission signal.

In an embodiment, the display device may further include
a voltage generator which provides a luminance control
voltage to the pixel in response to a voltage control signal.
In such an embodiment, the emission signal may include the
emission period and a non-emission period. In such an
embodiment, the pixel may further include a third transistor
which provides the luminance control voltage to the anode
of the light emitting element during an initialization period
of the non-emission period.

In an embodiment, when the current operating frequency
is different from the previous operating frequency, the
driving controller may output the voltage control signal
based on the difference value between the current operating
frequency and the previous operating frequency and the
operating time, where the luminance control voltage may be
changed from a first voltage level to a second voltage level
based on the voltage control signal.

According to an embodiment, a driving method of a
display device includes determining a current operating
frequency based on a control signal and determining
whether the current operating frequency is different from a
previous operating frequency, changing a voltage level of a
luminance control voltage from a first voltage level to a
second voltage level based on a difference value between the
current operating frequency and the previous operating
frequency and an operating time of the previous operating
frequency when the current operating frequency is different
from the previous operating frequency, and providing the
luminance control voltage to a pixel.

In an embodiment, the changing the voltage level of the
luminance control voltage from the first voltage level to the
second voltage level may include calculating a luminance
deviation based on the difference value between the current
operating frequency and the previous operating frequency
and the operating time of the previous operating frequency,
calculating a first compensation value when the luminance
deviation is greater than a reference value, outputting a
voltage compensation signal corresponding to the first com-
pensation value, and generating the luminance control volt-
age in response to the voltage compensation signal.

In an embodiment, the driving method of the display
device may further include outputting an emission control
signal based on the difference value and the operating time
when the current operating frequency is different from the
previous operating frequency, where an emission period of
an emission signal may be changed from a first time to a
second time. In such an embodiment, the pixel may operate
in response to the emission control signal.

In an embodiment, the outputting the emission control
signal may include calculating a luminance deviation based
on the difference value and the operating time, calculating a
second compensation value when the luminance deviation is
greater than a reference value, outputting an emission com-
pensation signal corresponding to the second compensation
value, and outputting the emission control signal in response
to the emission compensation signal.

According to an embodiment, a driving controller
includes a luminance compensator which determines a cur-
rent operating frequency based on a control signal provided
from an outside and outputs a voltage compensation signal
based on a difference value between the current operating
frequency and a previous operating frequency and an oper-
ating time of the previous operating frequency when the
current operating frequency is different from the previous
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operating frequency, and a control signal generator which
receives the voltages compensation signal from the lumi-
nance compensator and outputs a voltage control signal in
response to the control signal and the voltage compensation
signal, where a voltage level of a luminance control voltage
is changed based on the voltage control signal.

In an embodiment, the luminance compensator may
include a frequency determiner which determines the current
operating frequency based on the control signal and outputs
the current operating frequency, the previous operating
frequency, and the operating time of the previous operating
frequency when the current operating frequency is different
from the previous operating frequency, a luminance devia-
tion determiner which calculates a luminance deviation
based on the current operating frequency, the previous
operating frequency, and the operating time and outputs the
luminance deviation when the luminance deviation is greater
than a reference value, and a compensator which receives
the luminance deviation from the luminance deviation deter-
miner, calculates a first compensation value corresponding
to the luminance deviation and outputs the voltage compen-
sation signal corresponding to the first compensation value.

In an embodiment, the frequency determiner may accu-
mulate a time during which the current operating frequency
is identical to the previous operating frequency, and may
output an accumulated time as the operating time when the
current operating frequency is different from the previous
operating frequency.

In an embodiment, when the current operating frequency
is different from the previous operating frequency, the
compensator may output an emission compensation signal
based on the difference value between the current operating
frequency and the previous operating frequency and the
operating time. In such an embodiment, the control signal
generator may further output an emission control signal in
response to the emission compensation signal, and an emis-
sion period of an emission signal may be changed from a
first time to a second time based on the emission control
signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of embodiments of the
disclosure will become apparent by describing in detail
embodiments thereof with reference to the accompanying
drawings.

FIG. 1 is a block diagram of a display device, according
to an embodiment of the disclosure.

FIG. 2 is a circuit diagram of a pixel according to an
embodiment of the disclosure;

FIG. 3 is a signal timing diagram for describing an
operation of a pixel illustrated in FIG. 2.

FIGS. 4A and 4B are signal timing diagrams for describ-
ing an operation of a display device.

FIG. 5A is a diagram illustrating a change in luminance of
an image according to an operating frequency of a display
device.

FIG. 5B is a diagram illustrating a change in luminance of
an image in an active period and a hold period of some
frames shown in FIG. 5A.

FIG. 6 is a block diagram of a driving controller, accord-
ing to an embodiment of the disclosure.

FIG. 7 is a diagram illustrating a first compensation value
and a second compensation value stored in a lookup table
shown in FIG. 6.

FIG. 8 illustrates a voltage level of a first initialization
voltage according to an operating frequency.
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FIG. 9 illustrates a voltage level of a first initialization
voltage according to an operating frequency.

FIG. 10 is a signal timing diagram for describing an
operation of a pixel illustrated in FIG. 2.

FIG. 11 illustrates a non-emission period and an emission
period according to an operating frequency.

FIG. 12 is a diagram illustrating a change in luminance of
an image according to an operating frequency of a display
device.

FIG. 13 is a flowchart illustrating a method of driving a
display device, according to an embodiment of the disclo-
sure.

DETAILED DESCRIPTION

The invention now will be described more fully herein-
after with reference to the accompanying drawings, in which
various embodiments are shown. This invention may, how-
ever, be embodied in many different forms, and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey
the scope of the invention to those skilled in the art.

In the specification, the expression that a first component
(or region, layer, part, etc.) is “on”, “connected to”, or
“coupled to” a second component means that the first
component is directly on, connected to, or coupled to the
second component or means that a third component is
interposed therebetween.

Like reference numerals refer to like components. Also, in
drawings, the thickness, ratio, and dimension of components
are exaggerated for effectiveness of description of technical
contents.

The terms “first”, “second”, etc. are used to describe
various components, but the components are not limited by
the terms. The terms are used only to differentiate one
component from another component. For example, without
departing from the scope and spirit of the disclosure, a first
component may be referred to as a second component, and
similarly, the second component may be referred to as the
first component.

Also, the terms “under”, “beneath”, “on”, “above”, etc.
are used to describe a relationship between components
illustrated in a drawing. The terms are relative and are
described with reference to a direction indicated in the
drawing.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting. As used herein, the singular forms “a,” “an,” and
“the” are intended to include the plural forms, including “at
least one,” unless the content clearly indicates otherwise.
“At least one” is not to be construed as limiting “a” or “an.”
“Or” means “and/or.” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will be understood that the terms
“include”, “comprise”, “have”, etc. specify the presence of
features, numbers, steps, operations, elements, or compo-
nents, described in the specification, or a combination
thereof, not precluding the presence or additional possibility
of one or more other features, numbers, steps, operations,
elements, or components or a combination thereof.

Unless otherwise defined, all terms (including technical
terms and scientific terms) used in this specification have the
same meaning as commonly understood by those skilled in
the art to which the disclosure belongs. Furthermore, terms
such as terms defined in the dictionaries commonly used
should be interpreted as having a meaning consistent with
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the meaning in the context of the related technology, and
should not be interpreted in ideal or overly formal meanings
unless explicitly defined herein.

Hereinafter, embodiments of the disclosure will be
described with reference to accompanying drawings.

FIG. 1 is a block diagram of a display device, according
to an embodiment of the disclosure.

Referring to FIG. 1, an embodiment of a display device
DD includes a display panel DP, a driving controller 100, a
data driving circuit 200, and a voltage generator 300.

The driving controller 100 receives an input image signal
I_RGB and a control signal CTRL from an outside. The
driving controller 100 generates an output image signal
O_RGB obtained by converting a data format of the input
image signal I_RGB to fit (or to match the specification of)
the display panel DP. The driving controller 100 outputs a
scan control signal SCS, a data control signal DCS; an
emission control signal ECS, and a voltage control signal
VCS.

The data driving circuit 200 receives the data control
signal DCS and the output image signal O_RGB from the
driving controller 100. The data driving circuit 200 converts
the output image signal O_RGB into data signals and
outputs the data signals to a plurality of data lines DL1 to
DLm to be described later. Here, m is a natural number. The
data signals refer to analog voltages corresponding to a
grayscale level of the output image signal O_RGB.

The voltage generator 300 generates voltages used to
operate the display panel DP. In an embodiment, the voltage
generator 300 generates a first driving voltage ELVDD, a
second driving voltage ELVSS, a first initialization voltage
VAINT, and a second initialization voltage VINT.

The display panel DP includes scan lines GIL1 to GILn,
GCL1 to GCLn, and GWL1 to GWLn, and GBL1 to GBLn,
emission lines EML1 to EMLn, the data lines DLL1 to DLm,
and pixels PX. Here, n is a natural number. The display panel
DP may further include a scan driving circuit SDC and an
emission driving circuit EDC.

In an embodiment, the pixels PX may be positioned in a
display area DA. The scan driving circuit SDC and the
emission driving circuit EDC may be positioned in a non-
display area NDA.

In an embodiment, the scan driving circuit SDC is
arranged on a first side of the non-display area NDA of the
display panel DP. The scan lines GIL1 to GILn, GCL1 to
GCLn, GWL1 to GWLn, and GBL1 to GBLn extend from
the scan driving circuit SDC in a first direction DR1.

The emission driving circuit EDC is arranged on a second
side of the non-display area NDA of the display panel DP.
The emission lines EML1 to EMLn extend from the emis-
sion driving circuit EDC in a direction opposite to the first
direction DR1.

The scan lines GIL1 to GILn, GCL1 to GCLn, GWLI to
GWLn, and GBL1 to GBLn and the emission lines EMLI1 to
EMLn are arranged spaced from one another in a second
direction DR2. The data lines DL1 to DLm extend from the
data driving circuit 200 in a direction opposite to the second
direction DR2, and are arranged spaced from one another in
the first direction DR1.

In an embodiment, as shown in FIG. 1, the scan driving
circuit SDC and the emission driving circuit EDC are
arranged to face each other with the pixels PX interposed
therebetween, but the disclosure is not limited thereto. In an
alternative embodiment, for example, the scan driving cir-
cuit SDC and the emission driving circuit EDC may be
positioned adjacent to each other on one of the first side and
the second side of the display panel DP. In another alterna-
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tive embodiment, the scan driving circuit SDC and the
emission driving circuit EDC may be implemented with one
circuit or a single chip.

Each of the plurality of pixels PX may be electrically
connected to four scan lines and one emission line. In an
embodiment, for example, as shown in FIG. 1, a first row of
pixels PX may be connected to the scan lines GILL GCL1,
GWLI1, and GBL1 and the emission line EML1. Further-
more, a j-th row of pixels may be connected to the scan lines
GILj, GCLj, GWLj, and GBL;j and the emission line EML.
Here, j is a natural number less than or equal to n.

Each of the plurality of pixels PX includes a light emitting
element ED (see FIG. 2) and a pixel circuit PXC (see FIG.
2) for controlling the emission of the light emitting element
ED. The pixel circuit PXC may include one or more
transistors and one or more capacitors. The scan driving
circuit SDC and the emission driving circuit EDC may
include transistors formed through a same process as the
pixel circuit PXC.

Each of the plurality of pixels PX receives the first driving
voltage ELVDD, the second driving voltage ELVSS, the first
initialization voltage VAINT, and the second initialization
voltage VINT from the voltage generator 300.

The scan driving circuit SDC receives the scan control
signal SCS from the driving controller 100. The scan driving
circuit SDC may output scan signals to the scan lines GIL1
to GILn, GCL1 to GCLn, GWL1 to GWLn, and GBL1 to
GBLn in response to the scan control signal SCS.

The emission driving circuit EDC receives the emission
control signal ECS from the driving controller 100. The
emission driving circuit EDC may output emission signals to
the emission lines EML1 to EMLn in response to the
emission control signal ECS.

According to an embodiment of the disclosure, the driv-
ing controller 100 may determine a current operating fre-
quency of the input image signal I_RGB based on the
control signal CTRL, and may change an operating envi-
ronment of the display device DD based on a difference
value of the current operating frequency and a previous
operating frequency and the operating time of the previous
operating frequency.

Changing an operating environment of the display device
DD may include an environment for controlling the amount
of light of the light emitting device ED in the pixel PX (e.g.,
a change in a voltage level of the first initialization voltage
VAINT or a change in a pulse width of emission signals
EMI1 to EMn, or the like).

FIG. 2 is a circuit diagram of a pixel, according to an
embodiment of the disclosure.

FIG. 2 illustrates an embodiment of a pixel PXij con-
nected to an i-th data line DLi among the data lines DL.1 to
DLm, the j-th scan lines GILj, GCLj, GWLj, and GBLj
among the scan lines GIL1 to GILn, GCL1 to GCLn, GWL1
to GWLn, and GBL1 to GBLn and the j-th emission line
EML,j among the emission lines EML.1 to EMLn, which are
illustrated in FIG. 1. Here, i is a natural number less than or
equal to m.

Each of the plurality of pixels PX shown in FIG. 1 may
have a same circuit configuration as the pixel PXij shown in
FIG. 2.

Referring to FIG. 2, the pixel PXjj according to an
embodiment includes a pixel circuit PXC and at least one
light emitting element ED. The pixel circuit PXC includes
first to seventh transistors T1, T2, T3, T4, T5, T6, and T7 and
a first capacitor Chold and a second capacitor Cst. The light
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emitting element ED may be a light emitting diode. In an
embodiment, each pixel PXij may include a single light
emitting element ED.

In an embodiment, each of the first to seventh transistors
T1 to T7 is a P-type transistor having a low-temperature
polycrystalline silicon (LTPS) semiconductor layer. How-
ever, the disclosure is not limited thereto. I n an embodi-
ment, the first to seventh transistors T1 to T7 may be N-type
transistors by using an oxide semiconductor as a semicon-
ductor layer. In an embodiment, at least one of the first to
seventh transistors T1 to T7 may be an N-type transistor, and
the other(s) thereof may be P-type transistors. Moreover, the
circuit configuration of a pixel according to an embodiment
of the disclosure is not limited to FIG. 2. The pixel circuit
PXC illustrated in FIG. 2 is only an example. In an embodi-
ment, for example, the configuration of the pixel circuit PXC
may be modified and implemented.

The scan lines GILj, GCLj, GWLj, and GBLj may deliver
scan signals GIj, GCj, GWj, and GBj, respectively. The
emission line EMLj may deliver an emission signal EMj.
The data line DLi transfers a data signal Di. The data signal
Di may have a voltage level corresponding to the output
image signal O_RGB output from the driving controller 100
(see FIG. 1). First to fourth driving voltage lines VL1, VL2,
VL3, and VL4 may transfer the first driving voltage
ELVDD, the second driving voltage ELVSS, the first ini-
tialization voltage VAINT, and the second initialization
voltage VINT, respectively.

The first capacitor Chold is connected between the first
driving voltage line VL1 and a first node N1. The second
capacitor Cst is connected between the first node N1 and a
second node N2.

The first transistor T1 includes a first electrode connected
to the first driving voltage line VL1, a second electrode
electrically connected to an anode of the light emitting
element ED via the sixth transistor T6, and a gate electrode
electrically connected to the second node N2.

The second transistor T2 includes a first electrode con-
nected to the data line DLi, a second electrode connected to
the first node N1, and a gate electrode connected to the scan
line GWL,j. The second transistor T2 may be turned on in
response to the scan signal GWj received through the scan
line GWLj and then may deliver the data signal Di delivered
from the data line DLi to the first node N1.

The third transistor T3 includes a first electrode connected
to the second electrode of the first transistor T1, a second
electrode connected to the second node N2, that is, the gate
electrode of the first transistor T1, and a gate electrode
connected to the scan line GCLj. The third transistor T3 may
be turned on in response to the scan signal GCj received
through the scan line GCLj to electrically connect the gate
electrode of the first transistor T1 and the second electrode
of the first transistor T1 to each other.

The fourth transistor T4 includes a first electrode con-
nected to the second node N2, a second electrode connected
to the fourth driving voltage line VL4, and a gate electrode
connected to the scan line GILj. The fourth transistor T4
may be turned on in response to the scan signal GIj trans-
ferred through the scan line GILj such that the second
initialization voltage VINT is transferred to the gate elec-
trode of the first transistor T1. As such, a voltage of the gate
electrode of the first transistor T1 may be initialized.

The fifth transistor T5 includes a first electrode connected
to the first node N1, a second electrode connected to the first
electrode of the first transistor T1, and a gate electrode
connected to the scan line GCLj. The fifth transistor TS may
be turned on in response to the scan signal GCj received
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through the scan line GCLj to electrically connect the first
node N1 and the first electrode of the first transistor T1 to
each other.

The sixth transistor T6 includes a first electrode connected
to the second electrode of the first transistor T1, a second
electrode connected to the anode of the light emitting
element ED, and a gate electrode connected to the emission
line EML,.

The sixth transistor T6 may be turned on in response to
the emission signal EMj received through the emission line
EML,j. As the sixth transistor T6 is turned on, a current path
may be formed between the first driving voltage line VL1
and the light emitting element ED through the first transistor
T1 and the sixth transistor T6. That is, the sixth transistor T6
may electrically connect the second electrode of the first
transistor T1 to the light emitting element ED in response to
the emission signal EMj.

The seventh transistor T7 includes a first electrode con-
nected to the anode of the light emitting element ED, a
second electrode connected to the third driving voltage line
VL3, and a gate electrode connected to the scan line GBL,;.
The seventh transistor T7 may be turned on in response to
the scan signal GBj received through the scan line GBL;j to
electrically connect the anode of the light emitting element
ED to the third driving voltage line VL3 to each other.

The light emitting element ED includes the anode con-
nected to the second electrode of the sixth transistor T6 and
a cathode connected to the second driving voltage line VL.2.

FIG. 3 is a signal timing diagram for describing an
operation of a pixel illustrated in FIG. 2. Hereinafter, an
operation of a display device according to an embodiment
will be described with reference to FIGS. 2 and 3.

Referring to FIGS. 2 and 3, one frame F may include an
emission period EP and a non-emission period NEP in which
the light emitting element ED does not emit light. The
non-emission period NEP includes first to sixth periods t1 to
t6.

During the first period t1, the scan signal GIj having a low
level is provided through the scan line GILj. When the fourth
transistor T4 is turned on in response to the scan signal GIj
having the low level, the second initialization voltage VINT
is supplied to the gate electrode of the first transistor T1
through the fourth transistor T4 to initialize the first tran-
sistor T1. The first period t1 may be an initialization period
for initializing a voltage level of the gate electrode of the
first transistor T1.

Next, when the scan signal GCj having a low level is
supplied through the scan line GCLj during the second
period t2, the fifth transistor TS5 is turned on. The first node
N1 may be initialized to the first driving voltage ELVDD by
the fifth transistor T5 thus turned on.

During the second period t2, the third transistor T3 is
turned on by the scan signal GCj having a low level. The first
transistor T1 is diode-connected by the third transistor T3
turned on and is forward-biased. Accordingly, the potential
of the second node N2 may be set to a difference (ELVDD-
Vth) between the first driving voltage ELVDD and a thresh-
old voltage (referred to as “Vth”) of the first transistor T1.
The second period t2 may be a compensation period for
compensating for the threshold voltage Vth of the first
transistor T1.

The initialization interval t1 and the compensation inter-
val 12 within one frame may be repeated twice or more to
minimize the influence of the data signal Di during the
previous frame in the pixel PXij. The third period t3 may be
the same initialization period as the first period t1 at different



US 12,300,153 B2

11

timings, and the fourth period t4 may be the same compen-
sation period as the second period t2 at different timings.

During the fifth period t5, the scan signal GWj having a
low level is provided through the scan line GWLj. The
second transistor T2 is turned on in response to the scan
signal GWj having the low level, and thus the data signal Di
is delivered to the first node N1 through the second transistor
T2. When the data signal Di is delivered to the first node N1,
the potential of the second node N2 is increased by the
capacitor Cst as much as the voltage level of the data signal
Di, and a compensation voltage, which is obtained by
reducing the voltage of the data signal Di supplied from the
data line DLi by the threshold voltage Vth of the first
transistor T1, is applied to the gate electrode of the first
transistor T1. The third period t3 may be a programming
period for storing the data signal Di in the capacitor Cst.

During the sixth interval t6, the seventh transistor T7 is
turned on by receiving the scan signal GBj having a low
level through the scan line GBLj. As the seventh transistor
T7 is turned on, the anode of the light emitting element ED
may be initialized to the first initialization voltage VAINT.
The sixth period t6 may be an anode-initialization period for
initializing the anode of the light emitting element ED. The
luminance of the light emitting element ED may be con-
trolled based on a voltage level of the first initialization
voltage VAINT, and thus the first initialization voltage
VAINT may be a luminance control voltage.

Next, during the emission period EP, the sixth transistor
T6 is turned on by the emission signal EMj having a low
level. When the sixth transistor T6 is turned on, the driving
current corresponding to a voltage difference between the
gate voltage of the gate electrode of the first transistor T1
and the first driving voltage ELVDD is generated and
supplied to the light emitting element ED through the sixth
transistor T6, and thus the light emitting element ED may
emit light.

FIGS. 4A and 4B are signal timing diagrams for describ-
ing an operation of a display device.

Referring to FIGS. 1, 2, 4A, and 4B, for convenience of
description, a case where the display device DD operates at
a first frequency (e.g., 240 hertz (Hz)) and a second fre-
quency (e.g., 120 Hz) will be described. However, the
disclosure is not limited thereto, and the operating frequency
of the display device DD may be changed in various
manners. In an embodiment, the operating frequency of the
display device DD may be selected as one of the first
frequency and the second frequency. In an embodiment, the
display device DD may not set the operating frequency to a
specific frequency during an operation, but may change the
operating frequency at any time. In an embodiment, the
operating frequency of the display device DD may be
determined depending on a frequency of the input image
signal I_RGB and the control signal CTRL.

In an embodiment, the driving controller 100 provides the
scan control signal SCS to the scan driving circuit SDC in
response to the control signal CTRL. The control signal
CTRL may include a synchronization signal V_SYNC. The
scan driving circuit SDC may output the scan signals GC1
to GCn, GI1 to GIn, GW1 to GWn, and GBI to GBn
corresponding to the operating frequency in response to the
scan control signal SCS.

FIG. 4A is a signal timing diagram of a start signal and
scan signals when an operating frequency of the display
device DD is a first frequency (e.g., 240 Hz).

Referring to FIGS. 1 and 4A, when an operating fre-
quency is a first frequency (e.g., 240 Hz), each of frames F11
and F12 may include one active period AP and one hold
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period HP. The synchronization signal V_SYNC may be a
signal indicating the start of each of the active period AP and
the hold period HP.

The scan driving circuit SDC sequentially activates the
scan signals GW1 to GWn in the active period AP of frames
F11 and F12 at active levels (e.g., low levels), and sequen-
tially activates the scan signals GB1 to GBn at low levels.
FIG. 4A illustrates only the scan signals GW1 to GWn and
the scan signals GB1 to GBn. However, the scan signals GI1
to GIn and GC1 to GCn and the emission control signals
EM1 to EMn may also be sequentially activated in the active
period AP of each of the frames F11 and F12.

During the hold period HP, the scan driving circuit SDC
may maintain the scan signals GW1 to GWn at inactive
levels (e.g., high levels) and may sequentially activate the
scan signals GB1 to GBn.

Although not shown in FIG. 4A, during the hold period
HP, the scan driving circuit SDC may maintain scan signals
GI1 to Gin and GC1 to GCn at inactive levels (e.g., high
levels) in the same way as the scan signals GW1 to GWn.
During the hold period HP, the emission driving circuit EDC
may sequentially activate the emission control signals EM1
to EMn.

A data enable signal DE may be at a high level during the
active period AP, and thus the valid input image signal
I_RGB may be received from the outside. When the scan
signal GWj transitions to a low level, the pixel PXij shown
in FIG. 2 may receive the data signal Di corresponding to the
valid input image signal I_RGB.

During the hold period HP, the data enable signal DE is
at a low level, and thus the valid input image signal I_RGB
is not received from the outside. During the hold period HP,
all the scan signals GW1 to GWn may be maintained at high
levels, and thus the pixel PXij may not receive the data
signal Di. However, when the sixth transistor T6 is turned
on, the light emitting element ED may emit light by charges
stored in the capacitor Cst. That is, the pixel PXij may emit
light not only in the active period AP but also in the hold
period HP.

FIG. 4B is a signal timing diagram of a start signal and
scan signals when an operating frequency of the display
device DD is a second frequency (e.g., 120 Hz).

Referring to FIGS. 1 and 4B, when an operating fre-
quency is a second frequency (e.g., 120 Hz), a period (or
duration) of a frame F21 may be twice a period of each of
the frames F11 and F12 shown in FIG. 4A. The frame F21
may include one active period AP and three hold periods HP.
During the active period AP, the scan driving circuit SDC
sequentially activates the scan signals GW1 to GWn at low
levels, and sequentially activates the scan signals GB1 to
GBn at low levels. FIG. 4B illustrates only the scan signals
GW1 to GWn and the scan signals GB1 to GBn. However,
the scan signals GI1 to Gln and GC1 to GCn and the
emission control signals EM1 to EMn may also be sequen-
tially activated in the active period AP of the frame F21.

During the hold period HP, the scan driving circuit SDC
may maintain the scan signals GW1 to GWn at inactive
levels (e.g., high levels) and may sequentially activate the
scan signals GB1 to GBn.

Although not illustrated in FIG. 4B, the scan driving
circuit SDC may maintain the scan signals GI1 to Gin and
GC1 to GCn at inactive levels (e.g., high levels) during the
hold cycle HC. During the hold period HP, the emission
driving circuit EDC may sequentially activate the emission
control signals EM1 to EMn.

As shown in FIGS. 4A and 4B, the data enable signal DE
included in the control signal CTRL may transition to an
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active level (e.g., a high level) in the active period AP in each
of the frames F11, F12, and F21, and may be maintained at
an inactive level (e.g., a low level) in the hold period HP.

FIG. 5A is a diagram illustrating a change in luminance of
an image according to an operating frequency of a display
device.

FIG. 5B is a diagram illustrating a change in luminance of
an image in an active period and a hold period of some
frames shown in FIG. 5A.

Referring to FIGS. 1, 5A, and 5B, in first to third frames
F1, F2, and F3, an operating frequency of the display device
DD is a first operating frequency (e.g., 240 Hz). In fourth to
thirteenth frames F4 to F13, the operating frequency of the
display device DD is a second operating frequency (e.g., 30
Hz).

As shown in FIGS. 5A and 5B, the luminance of the
image displayed on the display panel DP in the fourth frame
F4 may be increased even though the driving controller 100
outputs the output image signal O_RGB having a same gray
level when the operating frequency of the display device DD
is changed from 240 Hz to 30 Hz. This is due to hysteresis
characteristics of the first transistor T1 (see FIG. 2) in the
pixels PX.

When the operating frequency is changed from the first
operating frequency to the second operating frequency (i.e.,
the third frame F3 and the fourth frame F4), a luminance
deviation L.LD1 may be perceived by a user as flicker. The
luminance deviation LD1 may be a difference value between
the average luminance in the third frame F3 and the average
luminance in the fourth frame F4.

The luminance deviation LDI1 is related to the duration of
the first operating frequency and a difference value between
the first operating frequency, which is a previous operating
frequency, and the second operating frequency, which is a
current operating frequency. That is, as the difference value
between the previous operating frequency and the current
operating frequency increases and the duration of the pre-
vious operating frequency, i.e., the first operating frequency,
increases, the luminance deviation LD1 increases.

FIG. 6 is a block diagram of the driving controller 100,
according to an embodiment of the disclosure.

Referring to FIG. 6, an embodiment of the driving con-
troller 100 may include an image processor 110, a luminance
compensator 120, and a control signal generator 130.

The image processor 110 receives the input image signal
1_RGB and the control signal CTRL, and outputs the output
image signal O_RGB.

The luminance compensator 120 determines a current
operating frequency based on a control signal. When the
current operating frequency is different from a previous
operating frequency, the luminance compensator 120 out-
puts a voltage compensation signal VC based on a difference
value between the current operating frequency and the
previous operating frequency and the operating time of the
previous operating frequency (or a duration of operation in
the previous operating frequency). In an embodiment, the
luminance compensator 120 includes a frequency deter-
miner 121, a luminance deviation determiner 122, a com-
pensator 123, and a lookup table (LUT in FIG. 6) 124.

The frequency determiner 121 determines the operating
frequency (i.e., the current operating frequency) of the
current frame based on the control signal CTRL. The
frequency determiner 121 may determine the current oper-
ating frequency based on the control signal CTRL. As shown
in FIGS. 4A and 4B, the control signal CTRL includes the
synchronization signal V_SYNC and the data enable signal
DE. In an embodiment, the synchronization signal V_SYNC
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may be activated at a low level only in the active period AP
within one frame. In this case, the frequency determiner 121
may determine the current operating frequency by determin-
ing the period of the synchronization signal V_SYNC.

In an embodiment, as shown in FIGS. 4A and 4B, at the
start of the active period AP or the respective hold periods
HP within one frame, the synchronization signal V_SYNC
may be activated at a low level. In an embodiment, as shown
in FIGS. 4A and 4B, the data enable signal DE may be
activated at a high level in the active period AP. While the
data enable signal DE is at a high level, the valid input image
signal I_RGB may be received from the outside.

When the synchronization signal V_SYNC is activated at
alow level, the frequency determiner 121 may determine the
current operating frequency by counting the number of times
that the data enable signal DE is maintained at a low level.
In an embodiment, for example, as illustrated in FIG. 4A, in
a case where the number of times that the data enable signal
DE is maintained at low level is 1 when the synchronization
signal V_SYNC is activated at a low level, the current
operating frequency may be 240 Hz. In an embodiment, for
example, as illustrated in FIG. 4B, in a case where the
number of times that the data enable signal DE is continu-
ously maintained at low level is 3 when the synchronization
signal V_SYNC is activated at a low level, the current
operating frequency may be 120 Hz.

A method of determining the current operating frequency
based on the control signal CTRL by the frequency deter-
miner 121 is not limited to the above-described examples,
and the method may be variously changed.

When a current operating frequency FREQ is the same as
an operating frequency of the previous frame (i.e., a previ-
ous operating frequency P_FREQ), the frequency deter-
miner 121 counts an operating time DT. In an embodiment,
for example, when the current operating frequency FREQ is
the same as the previous operating frequency P_FREQ, the
frequency determiner 121 may increase a count value for
every frame. When the current operating frequency FREQ is
different from the previous operating frequency P_FREQ,
the frequency determiner 121 may output the accumulated
count value as the operating time DT. The operating time
may correspond to the number of frames (i.e., a cumulative
time) in each of which the current operating frequency
FREQ is the same as the previous operating frequency
P_FREQ. The frequency determiner 121 may include a
memory (or buffer) for temporarily storing the previous
operating frequency P_FREQ and the operating time DT.

When the current operating frequency FREQ is different
from the previous operating frequency P_FREQ, the fre-
quency determiner 121 may provide the luminance deviation
determiner 122 with the previous operating frequency
P_FREQ, the current operating frequency FREQ, and the
operating time DT. The operating time DT may be a reten-
tion time (the number of frames) of the previous operating
frequency P_FREQ. In an embodiment, when the current
operating frequency FREQ is lower than the previous oper-
ating frequency P_FREQ, the frequency determiner 121
may provide the luminance deviation determiner 122 with
the previous operating frequency P_FREQ), the current oper-
ating frequency FREQ, and the operating time DT.

The luminance deviation determiner 122 calculates a
luminance deviation DIF based on a difference value
between the current operating frequency FREQ and the
previous operating frequency P_FREQ (will be referred to
as “difference value DF”) and the operating time DT. In an
embodiment, the luminance deviation determiner 122 may
calculate the luminance deviation DIF through an arithmetic
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operation of the difference value DF between the current
operating frequency FREQ and the previous operating fre-
quency P_FREQ and the operating time DT. In an embodi-
ment, the luminance deviation determiner 122 may calculate
the luminance deviation DIF through a multiplication opera-
tion “DFxDT” of the difference value DF between the
current operating frequency FREQ and the previous oper-
ating frequency P_FREQ and the operating time DT. The
method of calculating the luminance deviation DIF based on
the difference value DF between the current operating
frequency FREQ and the previous operating frequency
P_FREQ and the operating time DT may be changed in
various ways.

When the luminance deviation DIF is greater than a
reference value (referred to as ‘k’) (i.e., DIF>k), the lumi-
nance deviation determiner 122 may provide the luminance
deviation DIF to the compensator 123.

The compensator 123 may receive a first compensation
value C1 and a second compensation value C2 from the
lookup table 124 based on the luminance deviation DIF from
the luminance deviation determiner 122.

In an embodiment, the compensator 123 may receive both
the first compensation value C1 and the second compensa-
tion value C2 corresponding to the luminance deviation DIF,
or may receive either the first compensation value C1 or the
second compensation value C2. The first compensation
value C1 and the second compensation value C2 may be
compensation values for changing an operating environment
of the display device DD. In an embodiment, the first
compensation value C1 may be a compensation value for
adjusting a voltage level of the first initialization voltage
VAINT. In an embodiment, the second compensation value
C2 may be a compensation value for adjusting pulse widths
of the emission signals EM1 to EMn.

The compensator 123 may output the voltage compensa-
tion signal VC based on the first compensation value C1, and
may output an emission compensation signal EC based on
the second compensation value C2.

The control signal generator 130 outputs the data control
signal DCS, the scan control signal SCS, the emission
control signal ECS, and the voltage control signal VCS in
response to the control signal CTRL.

In an embodiment, the control signal generator 130 may
output the voltage control signal VCS for adjusting the
voltage level of the first initialization voltage VAINT in
response to the voltage compensation signal VC from the
compensator 123. In an embodiment, the control signal
generator 130 may output the emission control signal ECS
for adjusting pulse widths of the emission signals EM1 to
EMn in response to the emission compensation signal EC
from the compensator 123.

FIG. 7 is a diagram illustrating the first compensation
value C1 and the second compensation value C2 stored in
the lookup table 124 shown in FIG. 6.

Referring to FIGS. 6 and 7, in an embodiment, the lookup
table 124 may store the first compensation value C1 and the
second compensation value C2 that correspond to the lumi-
nance deviation DIF. In an embodiment, the first compen-
sation value C1 may be a compensation value for adjusting
a voltage level of the first initialization voltage VAINT.

In an embodiment, the luminance deviation DIF may be
a product (DFxDT) of the difference value DF between the
current operating frequency FREQ and the previous oper-
ating frequency P_FREQ, and the operating time DT. That
is, as the difference value DF between the current operating
frequency FREQ and the previous operating frequency
P_FREQ increases, and the operating time DT increases, the
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luminance deviation DIF has a greater value. In an embodi-
ment, for example, when the luminance deviation DIF is
1000, the first compensation value C1 may be 2 volts (V).
When the luminance deviation DIF is 450, the first com-
pensation value C1 may be 0.9 V. That is, as the luminance
deviation DIF increases, the first compensation value C1
increases.

As described above with reference to FIGS. 5A and 5B,
when the operating frequency of the display device DD is
changed from the first operating frequency (240 Hz) to the
second operating frequency (30 Hz), the luminance of the
display panel DP is increased. Accordingly, when the oper-
ating frequency is changed from the first operating fre-
quency (240 Hz) to the second operating frequency (30 Hz),
compensation is desired to lower the luminance.

Returning to FIG. 2, the first initialization voltage VAINT
is a voltage for initializing the anode of the light emitting
element ED. As a voltage level of the first initialization
voltage VAINT decreases a longer time is spent to increase
to the desired luminance even when a same current flows to
the light emitting element ED. That is, when the operating
frequency is changed from the first operating frequency (240
Hz) to the second operating frequency (30 Hz), the lumi-
nance increase of the display panel DP may be effectively
prevented by reducing a voltage level of the first initializa-
tion voltage VAINT.

The compensator 123 may output the voltage compensa-
tion signal VC such that the first initialization voltage
VAINT is reduced to a voltage level corresponding to the
first compensation value Cl. In an embodiment, when the
maximum operating frequency of the display device DD is
240 Hz, a voltage level of the first initialization voltage
VAINT may be a first voltage level V1. The compensator
123 may output the voltage compensation signal VC corre-
sponding to a difference (V1-C1) between the first voltage
level V1 and the first compensation value Cl1.

Returning to FIG. 7, for example, when the luminance
deviation DIF is 1000, the second compensation value C2
may be twenty horizontal periods 20H. When the luminance
deviation DIF is 450, the second compensation value C2
may be nine horizontal periods 9H. That is, as the luminance
deviation DIF increases, the second compensation value C2
increases. The horizontal period H may be a time period
during which the pixels PX in one row of the display panel
DP are driven.

FIG. 8 illustrates a voltage level of the first initialization
voltage VAINT according to an operating frequency.

Referring to FIGS. 6 and 8, the control signal generator
130 outputs the voltage control signal VCS in response to
the voltage compensation signal VC. The voltage generator
300 shown in FIG. 1 generates the first initialization voltage
VAINT in response to the voltage control signal VCS.

In an embodiment, when the operating frequency of the
display device DD is a first operating frequency (240 Hz), a
voltage level of the first initialization voltage VAINT may be
the first voltage level V1. When the operating frequency of
the display device DD is a second operating frequency (30
Hz), the voltage level of the first initialization voltage
VAINT may be a second voltage level V2. The second
voltage level V2 is lower than the first voltage level V1.

The second voltage level V2 may be determined depend-
ing on the difference value DF between the first operating
frequency (240 Hz) and the second operating frequency (30
Hz) and a time period during which the first operating
frequency (240 Hz) is maintained, that is, the operating time
DT.
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FIG. 9 illustrates a voltage level of the first initialization
voltage VAINT according to an operating frequency.

Referring to FIGS. 6 and 9, during the first to third frames
F1, F2, and F3, in each of which an operating frequency of
the display device DD is a first operating frequency (240
Hz), a voltage level of the first initialization voltage VAINT
is the first voltage level V1. When an operating frequency of
the display device DD is changed from the first operating
frequency (240 Hz) to the second operating frequency (30
Hz), the voltage level of the first initialization voltage
VAINT may be the second voltage level V2 during a
predetermined time. For example, in two frames (i.e., the
fourth and fifth frames F4 and FS5) after the operating
frequency of the display device DD is changed from the first
operating frequency (240 Hz) to the second operating fre-
quency (30 Hz), a voltage level of the first initialization
voltage VAINT may be the second voltage level V2.

As described above with reference to the fourth and fifth
frames F4 and F5 in FIG. 9, even when the operating
frequency of the display device DD is maintained at the
second operating frequency (30 Hz) in the sixth frame F6,
the voltage level of the first initialization voltage VAINT
returns to the first voltage level V1.

As shown in FIGS. 5A and 5B, when the operating
frequency of the display device DD is changed from the first
operating frequency (240 Hz) to the second operating fre-
quency (30 Hz), the luminance of the display panel DP
increases during a specific period. Accordingly, the voltage
level of the first initialization voltage VAINT may be
changed to the second voltage level V2 only in the fourth
and fifth frames F4 and F5 within one frame. In the sixth
frame F6, the voltage level of the first initialization voltage
VAINT may be returned to the first voltage level V1.

FIG. 10 is a signal timing diagram for describing an
operation of a pixel illustrated in FIG. 2.

Referring to FIGS. 6 and 10, the control signal generator
130 outputs the emission control signal ECS in response to
the emission compensation signal EC. The emission driving
circuit EDC shown in FIG. 1 generates the emission signals
EM1 to EMn in response to the emission control signal ECS.

Referring to FIGS. 2 and 10, one frame F may include an
emission period EP1 and a non-emission period NEP1 in
which the light emitting element ED does not emit light.
During the non-emission period NEP1 in which the emission
signal EMj is at a high level, the light emitting element ED
does not emit light. As the sixth transistor T6 is turned on
during the emission period EP1, in which the emission
signal EMj is at a low level, and then a driving current is
provided to the light emitting element ED, the light emitting
element ED may emit light.

When an operating frequency of the display device DD is
lowered from the first operating frequency to the second
operating frequency, the non-emission period NEP1 in the
one frame F may be lengthened (or a duration thereof may
be increased), and the emission period EP1 may be short-
ened (or a duration thereof may be decreased).

The non-emission period NEP1 shown in FIG. 10 is
longer than the non-emission period NEP shown in FIG. 3.
Moreover, the emission period EP1 shown in FIG. 10 is
shorter than the emission period EP shown in FIG. 3.

For example, as shown in FIG. 7, when the luminance
deviation DIF is 1000, the second compensation value C2 is
20 horizontal periods 20H. That is, the non-emission period
NEP1 in the one frame F may increase by 20 horizontal
periods and the emission period EP1 may decrease by 20
horizontal periods 20H. In an embodiment, one horizontal
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period 1H may be a time period during which the scan signal
GWj is maintained at an active level (e.g., a low level).

As the emission period EP1 is shortened, the emission
time of the light emitting element ED is shortened. As a
result, the luminance of the display panel DP may be
lowered.

As shown in FIGS. 5A and 5B, when the operating
frequency of the display device DD is changed from the first
operating frequency (240 Hz) to the second operating fre-
quency (30 Hz), the luminance of the display panel DP
increases. The luminance of the display panel DP may be
effectively prevented from increasing by reducing the emis-
sion time of the light emitting element ED.

FIG. 11 illustrates a non-emission period and an emission
period according to an operating frequency.

Referring to FIGS. 6 and 11, in an embodiment, the frame
F11 in which an operating frequency of the display device
DD is a first operating frequency (240 Hz) includes non-
emission periods NEP11 and NEP12 and emission periods
EPI11 and EP12.

The frame F21 in which the operating frequency of the
display device DD is the second operating frequency (30
Hz) includes non-emission periods NEP21, NEP22, NEP23,
and NEP24 and emission periods EP21, EP22, EP23, and
EP24.

In an embodiment, a retention time of each of the non-
emission periods NEP21, NEP22, NEP23, and NEP24 of the
frame F21 is longer than a retention time of each of the
non-emission periods NEP11 and NEP12 of the frame F11.
Moreover, a retention time (first time) of each of the
emission periods EP21, EP22, EP23, and EP24 of the frame
F21 is shorter than a retention time (second time) of each of
the emission periods EP11 and EP12 of the frame F11.

As the emission period of the light emitting element ED
is reduced from the first time to the second time when the
operating frequency of the display device DD is changed
from the first operating frequency (240 Hz) to the second
operating frequency (30 Hz), the luminance of the display
panel DP may be effectively prevented from increasing.

As described above with reference to FIG. 9, in an
embodiment, when the operating frequency of the display
device DD is changed from the first operating frequency
(240 Hz) to the second operating frequency (30 Hz), the
voltage level of the first initialization voltage VAINT in the
fourth and fifth frames F4 and F5 may be the second voltage
level V2, and the voltage level of the first initialization
voltage VAINT in the sixth frame F6 may return to the first
voltage level V1.

In such an embodiment, when the operating frequency of
the display device DD is changed from the first operating
frequency (240 Hz) to the second operating frequency (30
Hz), the emission time of the light emitting element ED may
be reduced in the fourth and fifth frames F4 and F5, and the
emission time of the light emitting element ED may be
returned to be the same as that of the first to third frames F1,
F2, and F3 in the sixth frame F6.

FIG. 12 is a diagram illustrating a change in luminance of
an image according to an operating frequency of a display
device.

Referring to FIGS. 1 and 12, in the first to third frames F1,
F2, and F3, the operating frequency of the display device
DD is a first operating frequency (e.g., 240 Hz). In the fourth
to sixth frames F4, FS5, and F6, the operating frequency of
the display device DD is a second operating frequency (e.g.,
30 Hz).

The luminance of the image displayed on the display
panel DP in the fourth frame F4 may be temporarily
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increased even though the driving controller 100 outputs the
output image signal O_RGB having a same gray level when
the operating frequency of the display device DD is changed
from 240 Hz to 30 Hz.

As described in FIGS. 6 to 11, compared to the luminance
deviation LD1 shown in FIG. 5B, a luminance deviation
LD2 in the third frame F3 and the fourth frame F4 may be
reduced by a compensation operation of changing the volt-
age level of the first initialization voltage VAINT and/or
pulse widths of the emission signals EM1 to EMn. Accord-
ingly, during a variable frequency mode in which the oper-
ating frequency of the display device DD is changed, display
quality may be effectively prevented from degrading due to
a change in luminance of the display panel DP.

FIG. 13 is a flowchart illustrating a method of driving a
display device, according to an embodiment of the disclo-
sure.

For convenience of description, an embodiment of a
method of driving a display device will be described with
reference to the display device of FIG. 1 and the driving
controller 100 of FIG. 6, but the disclosure is not limited
thereto.

Referring to FIGS. 1, 6, and 13, the frequency determiner
121 determines the current operating frequency FREQ of the
input image signal I_RGB based on the control signal
CTRL. When the current operating frequency FREQ is
different from the previous operating frequency P_FREQ, it
may be determined that an operating frequency is changed
(S100).

When the operating frequency is changed, the frequency
determiner 121 provides the luminance deviation determiner
122 with the previous operating frequency P_FREQ, the
current operating frequency FREQ, and the operating time
DT of the previous operating frequency P_FREQ.

The luminance deviation determiner 122 calculates the
luminance deviation DIF based on the previous operating
frequency P_FREQ, the current operating frequency FREQ,
and the operating time DT (S110).

When the luminance deviation DIF is greater than the
reference value k (i.e., DIF>k) (S120: Yes), the luminance
deviation determiner 122 may provide the luminance devia-
tion DIF to the compensator 123.

The compensator 123 calculates the first compensation
value C1 and the second compensation value C2 based on
the luminance deviation DIF from the luminance deviation
determiner 122 (S130). In an embodiment, the compensator
123 may receive the first compensation value C1 and the
second compensation value C2 from the lookup table 124
based on the luminance deviation DIF.

The compensator 123 may output the voltage compensa-
tion signal VC based on the first compensation value C1, and
may output the emission compensation signal EC based on
the second compensation value C2.

The control signal generator 130 may output the voltage
control signal VCS for adjusting a voltage level of an
initialization voltage (i.e., the first initialization voltage
VAINT) in response to a voltage compensation signal VC
from the compensator 123. In an embodiment, the control
signal generator 130 may output the emission control signal
ECS for adjusting pulse widths of the emission signals EM1
to EMn in response to the emission compensation signal EC
from the compensator 123.

Accordingly, the voltage level of the first initialization
voltage VAINT and the emission time of the light emitting
element ED may be compensated based on the first com-
pensation value C1 and the second compensation value C2
(S140).
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In embodiments of the invention, as described herein,
when an operating frequency is changed, a display device
may change an operating environment in consideration of a
difference between a previous operating frequency and a
current operating frequency, and an operating time of the
previous operating frequency. Accordingly, the display
device may uniformly maintain the amount of light of a light
emitting device even when the operating frequency is
changed, thereby effectively preventing a change in lumi-
nance due to a change in frequency of an input image signal.

The invention should not be construed as being limited to
the embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete and will fully convey the concept of the
invention to those skilled in the art.

While the invention has been particularly shown and
described with reference to embodiments thereof, it will be
understood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit or scope of the invention as defined
by the following claims.

What is claimed is:

1. A display device comprising:

a display panel including a pixel which receives a lumi-
nance control voltage;

a driving controller which receives an input image signal
and a control signal and provides an output image
signal to the display panel; and

avoltage generator which generates the luminance control
voltage in response to a voltage control signal from the
driving controller,

wherein the driving controller determines a current oper-
ating frequency based on the control signal, and outputs
the voltage control signal based on a difference value
between the current operating frequency and a previous
operating frequency and an operating time of the pre-
vious operating frequency, when the current operating
frequency is different from the previous operating
frequency, wherein the operating time of the previous
operating frequency corresponds to a number of con-
secutive frames in which the display device operates in
the previous operating frequency, and

wherein the luminance control voltage is changed from a
first voltage level to a second voltage level based on the
voltage control signal.

2. The display device of claim 1, wherein the driving

controller includes:

a luminance compensator which outputs a voltage com-
pensation signal based on the difference value between
the current operating frequency and the previous oper-
ating frequency and the operating time of the previous
operating frequency when the current operating fre-
quency is different from the previous operating fre-
quency; and

a control signal generator which receives the voltage
compensation signal from the luminance compensator
and outputs the voltage control signal in response to the
control signal and the voltage compensation signal.

3. The display device of claim 2, wherein the luminance

compensator includes:

a frequency determiner which determines the current
operating frequency based on the control signal and
outputs the current operating frequency, the previous
operating frequency, and the operating time when the
current operating frequency is different from the pre-
vious operating frequency;
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a luminance deviation determiner which calculates a
luminance deviation based on the current operating
frequency, the previous operating frequency, and the
operating time and outputs the luminance deviation
when the luminance deviation is greater than a refer-
ence value; and

a compensator which receives the luminance deviation
from the luminance deviation determiner, calculates a
first compensation value corresponding to the lumi-
nance deviation and outputs the voltage compensation
signal corresponding to the first compensation value.

4. The display device of claim 3, wherein, when the
current operating frequency is lower than the previous
operating frequency, the frequency determiner outputs the
current operating frequency, the previous operating fre-
quency, and the operating time.

5. The display device of claim 3, wherein the luminance
deviation is calculated by an arithmetic operation of the
difference value between the current operating frequency
and the previous operating frequency and the operating time.

6. The display device of claim 3, wherein the frequency
determiner accumulates a time during which the current
operating frequency is identical to the previous operating
frequency, and outputs an accumulated time as the operating
time when the current operating frequency is different from
the previous operating frequency.

7. The display device of claim 3, wherein, when the
current operating frequency is lower than the previous
operating frequency, the second voltage level of the lumi-
nance control voltage is lower than the first voltage level.

8. The display device of claim 1, further comprising:

a data driver which provides the pixel with a data signal
corresponding to the output image signal,

wherein the pixel includes:

a light emitting element including an anode; and
a pixel circuit electrically connected to the anode of the
light emitting element, and

wherein the pixel circuit delivers one of a driving current
corresponding to the data signal and the luminance
control voltage to the anode of the light emitting
element.

9. The display device of claim 8, wherein the pixel circuit

includes:

a first transistor including a first electrode connected to a
first driving voltage line and a second electrode; and

a second transistor which electrically connects the second
electrode of the first transistor to the anode of the light
emitting element in response to an emission signal.

10. The display device of claim 9, further comprising:

an emission driving circuit which outputs the emission
signal in response to an emission control signal from
the driving controller,

wherein, when the current operating frequency is different
from the previous operating frequency, the driving
controller outputs the emission control signal based on
the difference value between the current operating
frequency and the previous operating frequency and the
operating time, and

wherein an emission period of the emission signal is
changed from a first time to a second time based on the
emission control signal.

11. The display device of claim 10, wherein, when the
current operating frequency is lower than the previous
operating frequency, the second time is shorter than the first
time.
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12. A display device comprising:

a display panel including a pixel which operates in
response to an emission signal;

a driving controller which receives an input image signal
and a control signal and provides an output image
signal to the display panel; and

an emission driving circuit which outputs the emission
signal in response to an emission control signal from
the driving controller,

wherein the driving controller determines a current oper-
ating frequency based on the control signal, and outputs
the emission control signal based on a difference value
between the current operating frequency and a previous
operating frequency and an operating time of the pre-
vious operating frequency, when the current operating
frequency is different from the previous operating
frequency, wherein the operating time of the previous
operating frequency corresponds to a number of con-
secutive frames in which the display device operates in
the previous operating frequency, and

wherein an emission period of the emission signal is
changed from a first time to a second time based on the
emission control signal.

13. The display device of claim 12, wherein the driving

controller includes:

a luminance compensator which outputs an emission
compensation signal based on the difference value
between the current operating frequency and the pre-
vious operating frequency and the operating time of the
previous operating frequency when the current operat-
ing frequency is different from the previous operating
frequency; and

a control signal generator which receives the emission
compensation signal from the luminance compensator
and outputs the emission control signal in response to
the control signal and the emission compensation sig-
nal.

14. The display device of claim 13, wherein the luminance

compensator includes:

a frequency determiner which determines the current
operating frequency based on the control signal and
outputs the current operating frequency, the previous
operating frequency, and the operating time when the
current operating frequency is different from the pre-
vious operating frequency;

a luminance deviation determiner which calculates a
luminance deviation based on the current operating
frequency, the previous operating frequency, and the
operating time and outputs the luminance deviation
when the luminance deviation is greater than a refer-
ence value; and

a compensator which receives the luminance deviation
from the luminance deviation determiner, calculates a
first compensation value corresponding to the lumi-
nance deviation and outputs the emission compensation
signal corresponding to the first compensation value.

15. The display device of claim 14, wherein, when the

current operating frequency is lower than the previous
operating frequency, the second time of the emission period
is shorter than the first time.

16. The display device of claim 12, further comprising:

a data driver which provides the pixel with a data signal
corresponding to the output image signal,

wherein the pixel includes:

a light emitting element including an anode;

a first transistor including a first electrode connected to
a first driving voltage line and a second electrode;
and
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a second transistor which electrically connects the
second electrode of the first transistor to the anode of
the light emitting element during the emission period
of the emission signal.

17. The display device of claim 16, further comprising:

a voltage generator which provides a luminance control

voltage to the pixel in response to a voltage control

signal from the driving controller,

wherein the emission signal includes the emission period

and a non-emission period, and

wherein the pixel further includes:

a third transistor which provides the luminance control
voltage to the anode of the light emitting element
during an initialization period of the non-emission
period.

18. A driving method of a display device, the method
comprising:

determining a current operating frequency based on a

control signal and determining whether the current

operating frequency is different from a previous oper-
ating frequency;

when the current operating frequency is different from the

previous operating frequency, changing a voltage level
of'a luminance control voltage from a first voltage level
to a second voltage level based on a difference value
between the current operating frequency and the pre-
vious operating frequency and an operating time of the
previous operating frequency, wherein the operating
time of the previous operating frequency corresponds
to a number of consecutive frames in which the display
device operates in the previous operating frequency;
and

providing the luminance control voltage to a pixel.

19. The method of claim 18, wherein the changing the
voltage level of the luminance control voltage from the first
voltage level to the second voltage level includes:

calculating a luminance deviation based on the difference

value between the current operating frequency and the
previous operating frequency and the operating time of
the previous operating frequency;

when the luminance deviation is greater than a reference

value, calculating a first compensation value;

outputting a voltage compensation signal corresponding
to the first compensation value; and

generating the luminance control voltage in response to

the voltage compensation signal.

20. The method of claim 18, further comprising:

when the current operating frequency is different from the

previous operating frequency, outputting an emission

control signal based on the difference value and the
operating time,

wherein an emission period of an emission signal is

changed from a first time to a second time based on the

emission control signal,

wherein the pixel operates in response to the emission

control signal.

21. The method of claim 20, wherein the outputting the
emission control signal includes:

calculating a luminance deviation based on the difference

value and the operating time;

when the luminance deviation is greater than a reference

value, calculating a second compensation value;
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outputting an emission compensation signal correspond-
ing to the second compensation value; and

outputting the emission control signal in response to the
emission compensation signal.

22. A driving controller comprising:

a luminance compensator which determines a current
operating frequency based on a control signal provided
from an outside and outputs a voltage compensation
signal based on a difference value between the current
operating frequency and a previous operating fre-
quency and an operating time of the previous operating
frequency, when the current operating frequency is
different from the previous operating frequency,
wherein the operating time of the previous operating
frequency corresponds to a number of consecutive
frames in which a display device operates in the
previous operating frequency; and

a control signal generator which receives the voltages
compensation signal from the luminance compensator
and outputs a voltage control signal in response to the
control signal and the voltage compensation signal,
wherein a voltage level of a luminance control voltage
is changed based on the voltage control signal.

23. The driving controller of claim 22, wherein the

luminance compensator includes:

a frequency determiner which determines the current
operating frequency based on the control signal and
outputs the current operating frequency, the previous
operating frequency, and the operating time of the
previous operating frequency when the current operat-
ing frequency is different from the previous operating
frequency;

a luminance deviation determiner which calculates a
luminance deviation based on the current operating
frequency, the previous operating frequency, and the
operating time and outputs the luminance deviation
when the luminance deviation is greater than a refer-
ence value; and

a compensator which receives the luminance deviation
from the luminance deviation determiner, calculates a
first compensation value corresponding to the lumi-
nance deviation and outputs the voltage compensation
signal corresponding to the first compensation value.

24. The driving controller of claim 23, wherein the
frequency determiner accumulates a time during which the
current operating frequency is identical to the previous
operating frequency, and outputs an accumulated time as the
operating time when the current operating frequency is
different from the previous operating frequency.

25. The driving controller of claim 23, wherein, when the
current operating frequency is different from the previous
operating frequency, the luminance compensator outputs an
emission compensation signal based on the difference value
between the current operating frequency and the previous
operating frequency and the operating time,

wherein the control signal generator further outputs an
emission control signal in response to the emission
compensation signal, and

wherein an emission period of an emission signal is
changed from a first time to a second time based on the
emission control signal.

#* #* #* #* #*



